There is increasing evidence of a reciprocal fronto-limbic network in the pathogenesis of mood disorders. Prior in vivo proton ( 1 H) spectroscopy studies provide evidence of abnormal neurochemical levels in the cingulate and dorsolateral prefrontal cortex (DLPFC) of adult subjects with major depressive disorder (MDD). We examined whether similar abnormalities occur in children and adolescents with MDD. We collected two-dimensional multi-voxel in vivo 1 H spectroscopy data at 1.5 Tesla to quantify levels of N-acetylaspartate (NAA), glycerolphosphocholine plus phosphocholine (GPC+ PC), and phosphocreatine plus creatine (PCr+ Cr) in the DLPFC, medial prefrontal cortex (MPFC), and anterior cingulate (AC) of children and adolescents aged 8-17 years with MDD (n = 16) compared with healthy control subjects (n = 38). Analysis of covariance with age and gender as covariates was performed. MDD subjects showed significantly lower levels of NAA in the right MPFC and right AC than controls. MDD subjects also had significantly lower levels of GPC + PC in the right AC than control subjects. There were no significant differences in other metabolites in the studied regions. Pediatric patients with MDD exhibit neurochemical alterations in prefrontal cortex regions that are important in the monitoring and regulation of emotional states.
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Introduction
Although uncommon in early childhood, major depressive disorder (MDD) reaches a point prevalence of 6-9% and lifetime prevalence of 33% in adolescents, (Lewinsohn et al., 1993; Schachar and Tannock, 1995) . This disorder has a chronic course and is associated with severe psychosocial impairment (Lewinsohn et al., 1995; Birmaher et al., 1996) . Numerous magnetic resonance imaging (MRI) studies show volumetric reductions in the frontal cortex and its subregions in adults with MDD (Drevets et al., 1997; Rajkowska et al., 1999; Botteron et al., 2002; Bremner et al., 2002; Sheline, 2003) . Postmortem studies of adults with MDD show reductions in glial cell density of the dorsolateral prefrontal cortex (DLPFC) (Cotter et al., 2002; Uranova et al., 2004) and orbito-frontal regions (Drevets et al., 1997; Ongur et al., 1998; Rajkowska et al., 1999) . Reviews of functional studies suggest hypo-functioning of the PFC (Seminowicz et al., 2004) , in particular the DLPFC (Fitzgerald et al., 2006) .
The few MRI studies done in children and adolescents with MDD, also suggest evidence of frontal lobe involvement. Decreased frontal volume and increased ventricular size were seen in depressed children compared with psychiatric controls (Steingard et al., 1996) . In a later study, smaller whole brain volumes and smaller frontal white matter volumes were noted in depressed adolescents compared with controls (Steingard et al., 2002) . After finding no differences in PFC volumes between untreated adolescents with MDD and healthy controls, Nolan et al. (2002) further subdivided their sample and found smaller left-sided PFC gray matter volumes in patients with familial MDD than in patients without a family history of MDD. Furthermore, subjects without a family history of MDD had larger leftsided total PFC volumes and PFC white matter volumes compared with patients with familial MDD and controls (Nolan et al., 2002) . There was no significant difference in either total orbito-frontal cortex (OFC) volume or total gray matter OFC volume between 27 medication-naïve children and adolescents with MDD compared with healthy controls (Chen et al., 2008 
